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FERTILE TRANSGENIC CORN PLANTS 


This application is a division of US. patent application 
Ser. No. 08/677,695, filed Jul. 10, 1996, which is a continu- 
ation of U.S. patent application Ser. No. 07/974,379, filed 
Nov. 10, 1992, now U.S. Pat. No. 5,538,877, which in turn 
is a contmuation of U.S. patent application Ser. No. 07/467, 
983, filed Jan. 22, 1990, now abandoned. 


BACKGROUND OF THE INVENTION 


This invention relates to fertile transgenic plants of the 


species Zea mays (oftentimes referred to herein as maize or - 


corn). The invention further relates to producing transgenic 
plants via particle bombardment and subsequent selection 


techniques which have been found to produce fertile trans- 3 


genic plants. 

Genetic engineenng of plants, which entails the isolation 
and manipulation of genetic material (usually in the form of 
DNA or RNA) and the subsequent introduction of that 
genetic material into a plant or plant cells, offers consider- 
able promise to modern agriculture and plant breeding. 
Increased crop food values, higher yields, feed value, 
reduced production costs, pest resistance, stress tolerance, 
drought resistance, the production of pharmaceuticals, 
chemicals and biological molecules as well as other benefi- 
cial traits are all potentially achievable through genetic 
engineering techniques. Once a gene has been identified, 
cloned, and engineered, it is stil necessary to introduce it 
into a plant of interest in such a manner that the resulting 
plant is both fertile and capable of passing the gene on to its 
progeny. 

A variety of methods have been developed and are 
currently available for the transformation of various plants 
and plant cells with DNA. Generally these plants have been 
dicotyledonous, and some success has been reported with 
certain of the monocotyledonous cereals. However, some 
species have heretofore proven untransformable by any 
method. Thus, previous to this discovery, no technology had 
been developed which would permit the production of stably 
transformed Zea mays plants in which the transforming 
DNA is heritable thereof. This failure in the art is well 
documented in the literature and has been discussed in a 
number of recent reviews (Poirykus, 1989; Weising et al., 
1988; Cocking et al., 1987). 

European Patent Publos. 270,356 (McCabe et al.) and 
275,069 (Arntzen et al) describe the introduction of DNA 
inte maize pollen followed by pollination of maize ears and 
formation of seeds. The plants germinated from these seeds 
are alleged to contain the introduced DNA, but there is no 
suggestion that the introduced DNA was heritable, as has 
been accomplished in the present invention. Only if the 
DNA introduced into the corm is heritable can the corn be 
used in breeding programs as required for successiul com- 
mercialization of transgenic com. 

Graves et al. (1986) claims Acrobacterium-mediated 
transformation of Zea mays seedlings. The alleged evidence 
was based upon assays known to produce incorrect results. 

Despite extensive efforts to produce fertile transformed 
com plants which transmit the transformmg DNA to 
progeny, there have been no reported successes. Many 
previous failures have been based upon gene transfer to 
maize protoplasts, oftentimes derived from callus, liquid 
suspension culture cells, or other maize cells using a variety 
of transformation techniques. Although several of the tech- 
niques have resulted in successful transformation of corn 
cells, the resulting cells either could not be regenerated into 
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corn plants or the corn plants produced were sterile (Rhodes 
et al. 1988) or, in some cases, it even turned out that the 
plants were in fact not transformed. Thus, while maize 
protoplasts and some other cells have previously been 
transformed, the resulting transformants could not be regen- 
erated into fertile transgenic plants. 

On the other hand, it has been known that at least certain 
corn callus can be regenerated to form mature plants in a 
rather straightforward fashion and that the resulting plants 
were often fertile. However, no stable transformation of 
maize callus was ever achieved, ie. there were no tech- 
niques developed which would permit a successful stable 
transformation of a regenerable callus. An example of a 
maize callus transformation technique which has been tried 
is the use of Agrobacterium mediated transfer. 

The art was thus faced with a dilemma. While it was 
known that com protoplast and suspension culture cells 
could be transformed, no techniques were available which 
would regenerate the transformed protoplast into a fertile 
plant. While it was known that com callus could be regen- 
erated into a fertile plant, there were no techniques known 
which could transform the callus, particularly while not 
destroying the ability of the callus both to regenerate and io 
form fertile plants. 

Recently, a new transformation technique has been cre- 
ated based upon-the bombardment of intact cells and tissues 
with DNA-coated microprojectiles. The technique, dis- 
closed in Sanford et al. (1987) as well as m EPO Patent 
Publication 331,855 of J. C. Sanford et al. based upon US. 
Ser. No. 161,807, filed Feb. 29, 1988, has been shown 
effective at producing transient gene expression in some 
plant cells and tissues including those from onion, maize 
(Klein et al. 1988a), tobacco, rice, wheat, and soybean, and 
stable expression has been obtained in tobacco and soy- 
beans. In fact, stable expression has been obtained by 
bombardment of suspension cultures of Zea mays Black 
Mexican Sweet (Klein et al. 1989) which cultures are, 
however, non-regenerable suspension culture cells, not the 
callus culture cells used in the process of the present 
invention. 

No protocols have been published describing the intro- 
duction of DNA by a bombardment technique into cultures 
of regenerable maize cells of any type. No stable expression 
of a gene has been reported by means of bombardment af 
corm callus followed by regeneration of fertile plants and no 
regenerable fertile corn has resulted from DNA-coated 
microprojectile bombardment of the suspension cultures. 
Thus, the art has failed to produce fertile transfommed corm 
plants heretofore. 

A further stumbling block to the successful production of 
fertile transgenic maize planis has been in selecting those 
few transformants in such a manner that neither the regen- 
eration capacity nor the fertility of the regenerated transfor- 
mant are destroyed. Due to the generally low levei of 
transformants produced by a transformation technique, the 
need for selection of the transformants is self-evident 
However, selection generally entails the use of some toxic 
agent, e.g. herbicide or antibiotic, which can effect either the 
regenerability or the resultant plant fertility. 

It is thus an object of the present invention to produce 
fertile, stably transgenic, Zea mays plants and seeds which 
transmit the introduced gene to progeny. It is a further object 
io produce such stably transgenic plants and seeds by a 
particle bombardment and selection process which results in 
a high level of viability for a few transformed cells. It is a 
further object to produce fertile stably transgenic plants of 
other graminaceous cereals besides maize. 
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In preferred embodiments, this invention produces the 
fertile transgenic plants by means of a DNA-coated micro- 
projectile bombardment of clumps of friable embryogenic 
callus, followed by a controlled regimen for selection of the 
transformed callus lines. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. LA shows a map of plasmid vector pHYGI1 utilized 
in Example L 


Graves, A, et al. (1986) Plant Mol Biol 7:43-50 10 FIG. 1B shows the relevant part of pHYGIL encompass- 
Green, C, et al. (1975) Crop Sci 15:417-421 ing the HPT coding sequence and associated regulatory 
Green, CE, (1982) Plant Tissue Culture, A Fujiwara ed,  lements. The base pair numbers start from the 5' nucleotide 
Maruzen, Tokyo, Japan pp 107-8 in the recognition sequence for the indicated restriction 
nee es _ enzymes, beginning with the EcoRI site at the 5' end of the 
Green, C, et al. (1982) Maize for Biological Research, 15 CaMV 35S promoter 
Plant Mol Biol Assoc, pp 367-372 P . a ee ee 
Gritz, L, et al. (1983) Gene 25:179-188 : anne — a map of plasmid vector pBH221 utilized in 
: a xample I. 
will , et al. (1982) Cell 30:763~773 : . 
mae — ag ses an eer FIG. 3 is a Southem blot of DNA isolated from the PH1 
e nae . a on ees A 7) 29 callus ine and an untransformed control callus line. 
. °» a : Las 89) a sg ; ae ee oe FIG. 4 is a Southem blot of leaf DNA isolated from Ro 
ein, T, et a an 440-144 ¢ 
aes — a plants regenerated from PH1 and untransformed callus. 
ae — eels Rese) re aa acae oor US FIG. 5 is a Southern blot of leaf DNA isolated from R1 
ae a ee ee eee eee __ progeny of PH1 Ro planis and untransformed Ro plauts. 
eae ee sy See egy ee ars __FIG. 6 is a Souther blot of DNA isolated from the PH2 
yeh he my ABGOE SapDs WIEREE Des ro callus line and an untransformed control callus line. 
McCabe, D, et al. (1988) Bio/Technology 6:923~926 ~ : 
Murashige, T, et al (1962) Physiol Plant 15:473~497 anaes a 
Neuffer, M, (1982) Maize for Biological Research, Plant 5, oe 
Mol Biol Assoc, pp 19-30 The present invention is directed to the production of 
Phillips, R, et al. (1968) Corn and Com Improvement, 3rd fertile transgenic plants and seeds of the species Zea mays 
ed., Agronomy Soc Amer, pp 345-387 and to the plants, plant tissues, and seeds derived from such 
Potrykus, I (1989) Trends in Biotechnology 7:269-273 __‘wansgenic plants, as well a5 the subsequent progeny and 
Rhodes, CA, et al. (1988) Science 240:204-7 gy PeOdtcts derived Sereno, {He Hensecmic penis produce 
Sambrook, J, et al (1989) Molecular Cloning: A — herein include all nae of this pane rene field corm, 
. ie { t 2 
tory Manual, 2nd ed., Cold Spring Harbor Laboratory Press POPSOM SWEST Corn ae ee a . 
Sanford, J, et al. (1987) J Part Sci & Techn 5:27-37 Transgenic” is used herein to include any cell, cell line, 
Serene as : iin calius, tissue, plant part or plant which contains heterolo- 
Weising, K, et al., (1988) Ann Rev of Genetics 2g gous DNA that was introduced into plant material by a 
22:421-478 process of genetic engineering, or which was initially intro- 
Yanisch-Perron, L, et al. (1985) Gene 33:109-119 duced into a plant species by such a process and was 
SUMMARY OF THE INVENTION ee, oo by sexual Of 
The present invention relates to fertile transgenic Zea 1s By “heritable” is ar shat ee DNA js capable of 
— plants contaming heterologous DNA, preferably chro- : transmission through a complete sexual cycle of a plant, ie. 
oe heterologous DNA, whichisheritable 5 .-ced from one plant through its gametes to its progeny 
by proge e ie 
mae plants in the same manner as occurs in normal com. 
m sei acces Aeneas ssetige : nes geeenanin pe The transgenic plants of this invention may be produced 
: — o> pes ee Fe tae 50 by (i establishing friable embryogenic callus from the plant 
, to be transf ii) transforming said cell line b 
The invention further relates to transgenic Zea mays seeds ea aaa i a ee, (ii) eee Se 
stably containing heterologous DNA and progeay which —_— identifying or selecting transformed cells, and (iv) regener- 
inherit the heterologous DNA. re ating fertile transgenic plants from the transformed cells. 
ee 
€ SI ys P Ss e transgenic seed produced from the fertile transgenic 
DNA. The Process is based upon microprojeciile plants using conventional crossbreeding techniques to 
eee apa ~ plant nee ieee develop commercial hybrid seed containing heterologous 
he invention er relates lo a process Lor producing DNA 
fertile transformed plants of sraminaceous plants other than ¢0 I. Plant Lines and Tissue Cultures 
Zea mays which have not been reliably transformed by The cells which have been found useful to produce the 
traditional methods such as electroporation, Afrobacterium, fertile transgenic maize plants herein are those callus cells 
injection, and previous ballistic techniques. which are regenerable, both before and after undergoing a 
The invention further relates to regenerated fertile mature selection regimen as detailed further below. Generally, these 
maize plants from transformed embryogenic tissue, trans- 65 cells will be derived from meristematic tissue which contain 


genic seeds produced therefrom, and R1 and subsequent 
generations. 


0 


cells which have not yel terminally differentiated. Such 
tissue in graminaceous cereals in general and in maize, in 
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particular, comprise tissues found in juvenile leaf basal 
regions, immature tassels, immature embryos, and coleop- 
tilar nodes. Preferably, immature embryos are used. Meth- 
ods of preparing and maintaining callus from such tissue and 
plant types are well known in the art and details on so doing 
are available in the literature, cf Phillips et al. (1988), the 
disclosure of which is hereby incorporated by reference. 

The specific callus used must be able to regenerate into a 
fertile plant. The specific regeneration capacity of particular 
callus is important to the success. of the bombardment/ 
selection process used herein because during ard following 
selection, regeneration capacity may decrease significantly. 
It is therefore important to start with cultures that have as 
high a degree of regeneration capacity as possible. Callus 
which is more than about 3 moaths and up to about 36 
months of age has been found to have a sufficiently high 
level of regenerability and thus is currently preferred. The 
regenerative capacity of a particular culture may be readily 
determined by transferring samples thereof to regeneration 
medium and monitoring the formation of shoots, roots, and 
plantlets. The relative number of plantlets arising per Petri 
dish or per gram fresh weight of tissue may be used as a 
rough quantitative estimate of regeneration capacity. 
Generally, a cuiture which will produce at jeasi one plant per 
gram of callus tissue will be preferred. 

While maize callus cultures can be initiated from a 
number of different plant tissues, the cultures useful herein 
are preferably derived from immature maize embryos which 
are removed from the kernels of an ear when the embryos 


are about 1~3 mm in length This length generally occurs 3 


about 9-14 days after pollination. Under aseptic conditions, 
the embryos are placed on conventional solid media with the 
embryo axis down (scutellum up). Callus tissue appears 
from the scutellum after several days to a few weeks. After 
the callus has grown sufficiently, the cell proliferations from 
the scutellum may be evaluated for friable consistency and 
the presence of well-defined embryos. By “friable consis- 
tency” is meant that the tissue is easily dispersed without 
causing injury to the cells. Tissue with this morphology is 
then transferred to fresh media and subcultured on a routine 
basis about every two weeks. 

Tne callus initiation media is solid because callus cannot 
be readily imitiated in liquid medium. The initiation/ 
maintainence media is typically based on the N6 salts of Chu 
et al. (1975) as described in Armstrong et al. (1985) or the 
MS salts of Murashige et al. (1962). The basal medium is 
supplemented with sucrose and 2,4-dichlorophenoxyacetic 
acid (2,4-D). Supplements such as L-proline and casein 
hydrolysate have been found to improve the frequency of 
initiation of callus cultures, morphology, and growth. The 
cultures are generally maintained in the dark, though low 
light levels may also be used. The level of synthetic hormone 
2,4-D, necessary for maintainence and propagation, should 
be generally about 0.3 to 3.0 mg/l. 
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Although successful transformation and regeneration has 
been accomplished herein with friable embryogenic callus, 
this is not meant to imply that other transformable regener- 
able cells, tissue, or organs cannot be employed to produce 
the fertile transgenic plants of this invention. The only actual 
requirement for the cells which are transformed is that after 
transformation they must be capable of regeneration of a 
plant containing the heterologous DNA following the par- 
ticular selection or screening procedure actually used. 

If. DNA Used for Transformation 

The heterologous DNA used for transformation herein 
may be circular or linear, double-stranded or single- 
stranded. Generally, the DNAis in the form of a plasmid and 
contains coding regions of beneficial heterologous DNA 
with flanking regulatory sequences which serve to promote 
the expression of the heterologous DNA present in the 
resultant corn plant. “Heterologous DNA” is used herein to 
include all synthetically engineered or biologically derived 
DNA which is introduced into a plant by man by genetic 
engineering, including but not limited to, non-plant genes, 
modified genes, synthetic genes, portions of genes, as well 
as DNA and genes from maize and other plant species. 

The compositions of and methods for constructing heter- 
ologous DNA for successful transformations of plants is 
well known to those skilled. in the art, and the same 
compositions and methods of construction may be utilized to 
produce the heterologous DNA useful herein. The specific 
composition of the DNA is not central to the present 
invention and the invention is not dependent upon the 
composition of the specific transforming DNA used. weising 
et al. (1988), the subject matter of which is incorporated 
herein by reference, describes suitable DNA components 
thereof which include promoters, polyadenylation 
sequences, selectable marker genes, reporter genes, 
enhancers, introns, and the like, as well as provides suitable 
references for compositions thereoi Sambrook et al. (1989) 
provides suitable methods of construction. 

Generally the heterologous DNA will be relatively small, 
Le. less than about 30 kb to minimize any susceptibility to 
physical, chemical, or enzymatic degradation which is 
known to increase as the size of the DNA increases. 

Suitable heterologous DNA for use herein includes all 
DNA which will provide for, or enhance, a beneficial feature 
of the resultant transgenic corn plant. For example, the DNA 
may encode proteins or antisense RNA transcripts in order 
to promote increased food values, higher yields, pest 
resistance, disease resistance, and the like. For example, a 
bacterial dap A gene for increased lysine; Bt-endotoxin gene 
or protease inhibitor for insect resistance; bacterial ESPS 
synthase for resistance to glyphosate herbicide; chitinase or 
glucan endo-1,3-E-glucosidase for fungicidal properties. 
Also, the DNA may be introduced to act as a genetic tool to 
generate mutants and/or assist in the identification, genetic 
tagging, or isolation of segments of com DNA. Additional 
examples may be found in Table 1: 


TABLE 1 





Eukaryotic genes transferred to higher plants 


Onigin of gene Traosterred constructs 


Transtormed species Mode of ipreign gene expression 





Animals 


Dresophila heat shock gene 
hsp 70 
Drosophila copia element LTR 


5’ hsp70/aptll/3* ocs 


3° copia/cat 


tobacco (plants, tumors) + lemperature-dependent and orgen- 
specific 
vice, wheat and sorghum (-) transient, but strong 


{proteplasts) 
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TABLE i-continued 





Origin of gene 


Enkeryotic genes transferred to hicher plants 


Transferred constructs 


Transformed species 


Mode of foreign gens expressica 





firefly luciicrass gens 


Rabbit B-globin gene 
Human a-globin gens 
Chicken G-actin gene 
Chicken oyalbumin gene 
Mouse metallothionein 
gene (mmt) 


Monse dihydrofolate reductase 


gene (DHFR) 
Human growth hormone 
geae (hgh) 


SV¢O early genes 


BSV thymidine kinase 
gene (tk) 


Adenovirus type 5 ELA genase 


Yeast 





Yeast ADH 
Plant virus 


cONA encoding TMV coat 
protem (tobacco mosaic 
virus) 

cDNA encoding AMV ccat 
protein (alfalfa mosaic 
virus) 

cDNAs encoding A- and B- 
component of TGMV 
(comato goldea mesaic 
virus) 

cDNA encoding CMY 
(cucamber mosaic virus) 
satchite RNA 

Plants 


Beas phascolin gene 


Bean phytohemaggiutinia-L 
gene (PHA-L) 

Soybean B-congiycisie gene 
(a subunit) 


Soybean P-conglycinin gens 
(B subunit) 
Potato patatin gene 


Maize zein gene 


3 CaMV 35S fluciferase 
CDNAJS" nos 

3 CaMV 19S finciferase 
cDNA/3’ nos 

S deletion senes 
genomic 

S' nes/a-giobia 
penomic 

genomic 


5" mmtfcat 

5 CaMV 35S/DHFR-cDNA/ 
2 acs 

S' CaMV 35S/hgh 

3 nos/bgh/3’ nos 

5' CaMV 35S /heb/heh 3 


5 SV40/cat 
5' CaMV 38S /cay3’ SV20 


3 ASV/tk/cat 


3’ CaMV 35S/ELA/ 
3 ELA/S’ rbcS 


genomic 


3' CaMV 35S/TMVcDNA/ 
3° nos 


3 CaMV 19S/AMVcDNA 
3* CaMV 3SS/AMVcDNA/ 
3 nes, 

separate transiormation with 
eather A- or B-component 
via agroinfection 


5’ CaMV S5S/CMVcDNA/ 
3" nes 


S' ocs/phaseolin genomic 
genomic 


3’ phaseolin/ohascclis- 
cDNA/3’ phassolin 

3S phascolin/maize zcin/ 
3 phassolia 

genomic 


genomic 
S’ deletion series 


3 CaMV 35S or 19S/ 
conglycinin/3" nos 


genomic 


S’ patatin/eay3’ nos 
5’ ST-LS.1/patatin/3’ patatia 


genomic 
5’ phaseolin/zein/3’ phaseolin 


3" glutenin/eal/3’ acs 


tobacco (plants) 
carrot (protoplasts) 


tobacco (tumoss) 
tobacco {plants} 
tobacco (tumors) 
tobacco (tumors) 
tobacco (tumors) 
Petunia (plants) 
tobacco (plants, tumors) 
tobacco and sunflower 
(tumors) 

tobacco (plants) 


tobacco (tumars) 
tobacco (piants) 


tobacco (tumors) 
tobacco (plants) 
tobacco (plants) 
tobacco (plants) 
tebacco and tonzto (plants) 


Petunia (plants) 


tobacco {plants} 


sunfower (tumors} 
tobacco (placts) 


rab 
Be 


iv 
f 
i 
Q 
a3 
Neb 


tobacco (plants) 


tobecco (plants) 


stunia (plants) 


Petunia (plants) 
tobacco and Pshunia 
(o}ants) 


potatoe (plants) 
tobacco (plants) 


sunflower (tumors) 
tobacco (plants) 


tobacco (plants) 


(+) transient 


(-) nat expressed 
(+) incorrect transcrip! processing 
{~) not expressed 
(+) incomect transcript processing 
{~) not expressed 


+ expressica confers methotrexate 
resistance 
(+) incorrect transcript processing 


{+) transcription, but neither 
processing nor translation 

(+) incorrect transcmipt 
polyadenylation 

(+) not expressed 

{+} incorrect transcript 
polyadeaylation 

(~) not expressed 


{+} termination within rbcS, ELA 


polyadenylation site not used 
(+) not expressed 


+ eXpression confers eahanced 
resistance to TMV infection 


+ expression confers enhanced 
resistance to AMV infection 


+ only A-compoenents in tandem aie 
able to replicate 


+ expression confers enhanced 
resistance to CMV infection 


“+ expressed and processed correctly 

+ development-specific expression 
in seeds: targeling to protein 
bodies in endosperm and 
emoryos 

+ higher expression thea using 2 
genomic cloae 

+ development-specific zein gene 
expression in tobacoo seeds, 
Zein accumulation 

+ developmeat-specific expression 
in tobacco seeds 

+ development-specific expression 
in Petunia seeds depending on 
5’ sequences 

+ constitutive expression: 35S> 
19S; 20 fold clonal variation 

+ development-specific expression 
in seeds 

+ organ-specific expression in tubers 

+ light-reculated and organ-specific 
expression depending on the 
ST-LS.1 promoter. Corect 
splicing of patatin mRNA. 

{+) transcription, but no detectable 

protein 

+ development-specific expression 
in tobacco seeds 

+ develonment-specific expzession 
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TABLE 1-continued 


Eukarvotic genes transferred to hieher plants 


Filed 01/19/2006 


10 


Origin of gene Transferred constructs Transionned species Moés of foreim pene expression 
in tobacco seeds 
Wheat chlorophyll afb-binding =. genomic Petania and icbacco + light-regulated and organ-specific 
protein (cab) gene plants expressica in leaves 
genomic tobacco (plants) + phytechrome-regulsted expression 
+ cabj/eat 


Pea cab gene 


Petunia cab gene 


Arabidopsis cab gene 


Pea ribulose 1.5- 
Bisphosphate carboxylase 
small 

subunit geae (rbcS) ES 


Pea rbeS 3.6 


Pea rbcS 3A, SC 
Pea rbcS 3A, ES 
Soybean rbcS 


Soybean, pea and Peninia zbcS 


Nicotiana plumbaginifola 
rocS 8B 


Wheat rocS 


Potato SP-LS.i 


i gene 


Petroselinum and Antirrhinum 
chalcoas synthase geacs 
(chs) 


5 cab/5’ CaMV 35S/cayy 
3 rbcS 

5* detetion series 

¥ cab/npul 

> cab/S’ nos/nptil 


S’ cab/ocs 
3 cabt/nos 


¥ cabjeat 
genomic 

> rocS/cat 

3 deletion serics 
genomic 


3‘ deletion series 


3 rbcS/cay/3" nos 
5' deletion series 


| 3 rocS/rocS transit sequence/ 


cout 


3 rbcS/eptit 


genomic 


3 rbcS/3' CaMV 35S/cat 
S deletion series 


2 rbcS/aptl/3* ess 
3° rocS/sos 

+ rocS/npuil/3" nos 
3S rocS/apti/3’ nos 


> rbcS/cat 


genomic 
+ CaMV 35S/rbcS/3’ zbcS 


gtnoniuc, modified by exon 
ingging 


S' ST-LS.1 /patatia/?’ patatin 


3 chs(AVapil/3' chs(P) 


5' deletion series 


tobacco (plants) 


Peninia and tobacco 
(plants) 


tobacco (plants) 


Petunia (tumors) 


Pernmia and tobacco 
(plants) 


tobacco (tumors) 


latacco (tumors and piants) 


tobacco (plaxts) 


Petania (plants) 


Peninia and tobacco 
(clasts) 


soybean (tumers) 
Kalanchoe (tmors) 
Petunia (plants) 
tomato (plants) 


tobacco and Petunia 
(plants) 


tobacco (plants) 


potato and tobacco 
(plants) 


tobacco (plants) 


tobacco (plants) 


in leaves depending oa 5’ 
seqhences 


+ light-regulated, otgan-and ccll- 
specific expression, depending 
on enbancer/silencer-like 5, 
sequences. Involvement of 
phytochrome. Correlation to 
the presence of chloroplasts. 

+ clonal variation of expression 
(200 fold) independent of copy 
number and homo-+/ 
heterologaus hest genome 

+ light-regulated and organ-specific 
expression 

+ Hght-regulated expression 
dependent on 5° sequences 


+ Heht-regulated and organ-specific 
expression dependent on 3 
segnences: 25-fold clonal 
veriation 

+ light-regulated expression 
dependent on cahancer-like 5° 
sequences 

+ light-regulated expression and 
targeting of acomycin 
phosphotransfsrase into 
chloroplasts; analysis of signal 
sequences 

+ lHght-regulated, organ- end cell- 
specific expression. 

Involvement of a blue-light 
receptor 

+ regulation of transcription by 
phytochrome~ andjez bius-light 
receptor depending on the 
developmental state 

+ heht-reguilated and organ-specific 
expression depending on 
enhancer and sileacer-like 3 
sequeaces 

+ light-regulated expression 

+ light-regulated expression 

+ light-regulated expression 
mediated by phytochrome 

+ expression strooger than directed 
by nos-promoter 

+ light-regulated end organ-svecific 
expression; 3-fold clonal 
variation independent of 
homeo-/ heterologous host 
genome 


(+) no expression undez the coatrol of 


wheat promoter, CaMV 35S 
promoter is necessary 

+ light-regulated and organ-specific 
expression depending on the 
presence of chloroplasts and S 
sequences. Clonal vanation 
parallels copy number, but is 
independent of homo-/ 
heterologous host. 

+ light-regulated and organ-specific 
expression Cepending on the 
ST-L.1 promoter sequences 

+ UV-B-light-regulated expression 
dependent on eahancey-like 5° 
sequences 
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Origin of gene 





potato proteinase inhibitor 


gene (PI OH) 


Soybean heat shock gene 
hs 6871 : 
Soybean heat shock gene 
Gmbsp 17.SE 


Maize heat shock gene bsp70 
Maize alcohol dehydmgenase I 
gene (Adhi) 


Maize sucrose synthase gene 
(ss) 


Soybean f-mbalm gene 
cowpea trypsin inhibitos gene 
(Cpt) 

Petunia EPSP synthase gece 


Soybean legkemoglobia gene 
Tbe3 


Nicatiana plombaginifolia 
“insert 7 enhancer-lke 
sequence 

Nicotiana plumbaginifolta 
ATP synthase gens (2tp2- 
I} B subunit 

Maize transposable elements 
Ac and Ds 





Abbreviations: 
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TABLE 1-continued 


Eukarvotic genes transfered to hicher plants 


Transferred constructs 


genomic 
> PI Dicay3' T-DNA gene 6b 
SPI Weay3' PL il 


genomic 
S deletion series 
genomic 
5' deletion setiss 


genomic 

3 CaMV 35S/cat/Adhl intron/ 
F rbeS 

> Adhteat 

3 ocs/S Adhljcat 

5 CaMfV 35S/5’ Adbi/cat 

SF Adhi deletion series 


5’ ss/apuL/3' ocs 

> ssfeptlt 

genomic 

+ CaMV 35S/CeTI3' aos 
S CaMV 35S/EPSP/3' sos 
> T7-EDNA/Petunia EPSP 


transit sequence/bactsnial 
EPSP (gro) coding 
tegion 

genomic 


3 Ibe3jcay/3' Ibe3 


3 insert 7/5' nes/aptll 
3 CaMY 35S/atp2-1 signal 
Sequence/cat 


Ac or Ds within borders of 
wary locus 


copia LTR - long terminal repeat of copia taansposabie slemeni 


HSV - Herpes simplex virus 


Adb - alechol dehydrogenase gene 

STE-LS 1 - Solanum rmuberosum leaf/stem-specific gene 

EPSP - 5 -cnclpyruvylshikimate-3-phosphate (gene) 

Toc3 - member of the leghemogicbia gene family 

Ac, Ds - maize transpeszble elements (activator, dissociation) 
récS ~ nbulose-1,5-bisphosphate carboxylase soll subunit gene 
cab - chlorophyl a/o binding protsin gene 

np - neomycin phosphotransferase T gene 


ocs - octopine synthase gene 
nes ~ nopaline synthase gene 


cat - chloramphenicol acetyltransferese scene 
CaMV 33S, 198 - canliflower mosaic virus genes encoding 35S and 19S-transcript, respectively 
genomic - transferred constrict contains the entire gene including 3 and 3' regions 


Mode of expression: 


+ + correct expression of stably integrated gene 
(+) - transient expression, ar transcription followed by incorrect processing and/or translation 


(—} - gene is not transcobed 


Transformed species 


tobacco (plants) 


sunflower (tumors) and 
tobacco (plants) 
sunflower (tamors) 


Petunia (plants) 
tobecco (plants) 


tobacco (plants) and maize 
{nrotoplzsts) 


wheat (protoplasts) 
maize (protonlasis) 
tobacco (plants) 
tobacco (plants) 
Petinia (plants) 


tobacen (plants) 


tobacco (plants) 


Lotus corniculatas (plants) 


tobacco (plants) 


tobacco (plants) 


tobacco (humors and shoots) 


12 


Mode of foreign gene expression 


+ wound-inducible expression 
depending oa S' and 3’ 
sequences; systemic spreading 
by transacting factors 


+ temperatnre-regulated expression 


depending on 7 sequences 
+ expression regulated by 
temperature and presence of 
cadminm and arsenite 
depending on 5° scquences 


+ temperature-regulated expression 
(+) maize Adbl intron is not removed 


fom the taascrist 


(+) anaerobically inducible cat- 


expression dependeat on 3 
Addl sequences only if 
additional CaMV- or ocs- 
promoter/enhancer sequeaces 
are presen 


(+) transient expression 


(+) transient expression susoeasion- 


culture derived but not in leaf 
desived protoplasts 


+ expression enhances resistence to 


‘insact pests 


+ 35S-directed EPSP overproduction 


confers glyphosate tolerance 
+ expression of bacterial EPSP; 

targeting into chloroplasts; 

glyphosate tolerance 


ond 


+ development-specific and 
inducible expression only in 
nodules and only after 
infection by Rhizobium; 
dependence on S' regulatory 
sequzaces 

+ transient proloplast-specific 
overexpression of rout 


+ cat enzyme is targeted into 
mitochondria 


+ Ac is capable of self-catalyze 
transposition 


The heteralogous DNA to be introduced into the plant 
further will generally contain either a selectable marker or a 
reporter gene or both to facilitate identification and selection 


Be of transformed cells. Alternatively, the selectable marker 
may be carried on a separate piece of DNA and used in a 
cotransformation procedure. Both selectable markers and 
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13 
reporter genes may be flanked with appropriate regulatory 
sequnces io enable expression in plants. Useful selectable 
markers are well known in the art and include, for example, 
antibiotic and herbicide resistance genes. Specific examples 


of such genes are disclosed in Table 2: 


14 
genes which confer herbicide resistance or tolerance are also 
of commercial utility in the resulting transformed plants. 
Reporter genes which encode for easily assayable marker 
proteins are well known in the art. In general, a reporter gene 
is a gene which is not present or expressed by the recipient 


TABLE 2 





Selectable marker and reporter eeuss in plant penetic tensformation 





Useful as 
Selectable Scorable —- Resistance 
Gere Ongia Encoded enzyme srarker teporter = against 
Neomycin phosphonansferase TaS neomycin phosphotransierase + + neomycin kanamycin G-418" 
gens I (npth) 
Neomycin phosphotransferase WNns0] neomycin phesphotrensterese + + neomycin kenamycia G-418" 
gens I (xpth) 
Chloramphenicol acetyitransierase Tad chloramphenicol (+) tt chloramphenicol? 
‘gene (cat) . acetyltransferase 
Bacteria] DAPR gene plasmid R67 = dibydrofolate reductase + + methotrexate* 
Mutated c-DNA of 2 mouse mouse dihydrofolate reductase a+ + methotrexate? 
DHER gens 
Octopine synthase gene (ocs) TDNA octopine synthase + ++ toxic opine precursor 
analogues, Le. aminocthyicysicin® 
Nopaline synthase gene (nos) T-DNA nopaline synthase - ++ — 
Bygromycin phosphotransferese = EL coli hygromycin phesphotransferase ++ - hygromycin BS 
geoe (hot) 
Bicomycin resistance gene Tas 2 es - bicomycin® 
Streptomycin phosphotransferase Tn streptomycin phosphotransferase (+) (+) strepiemycin?? 
gone 
control plants 
are not 
kilted by 
streptomycin 
aroA gent Salmoneila EPSP synthase ++ - giyphosate*# 
oyphimurinan 
bar gene Streptemices  phosphinothricia oe - phesphincthrician, bialaphes** 
kygroscapicus  acetyltransferas< 
f-galactosidase gene E. cali B-galactosidass ~ + 8 
Gluctronidase gens (GUS) = coli glucarenidase _ + —_* 
Bacterial luciterase gene Vibrso harvest juciferase ~ as tS 
Firedly Inciferase gene Photiras luciferase ~ + —is 
peralis 





Only some representative references were chosen in cass of the nptll, nos, ocs and cat genes. 


Abbreviations 

Ta ~ transpuson 

DHFR - dihydrofolate reductases 

EPSP synthase ~ 5-enolpymvyiskikimate-3-phosphate synthase 


“ML Bevran et al, Nature, 304, 185 (1983), ML DeBlock et aL, EMBOJ_ 8 1681 (1984); L Herrera-Estsella et al, EMBOI., 2, 987 (1983). 
*RT. Fraley ct al, PNASUSA, 80, 1803 (1983); H. Pretrzak et al, Nucl, Acids Res, 14, $857 (1986). 

7. DeBlock et al, EMBO J., 3, 1681 (1984); L Herrere-Estrella et al., Namre, 303, 209 (1983). 

“N. Brisson et al, Nature, 310, $11 (1984); M. DeBlock et al, ibid. 1 Herrera-Estrella et al, EMBO J., 2, 987 (1983). 
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°G.A. Dahl et al, Tasor, Appl Genet, 66, 233 (1983); H DeGeve et al, Nature, 300, 752 (1982); A. Hockema et al., Plant Mol. Biol., $, 85 (1985): M.G. 


Koztel et al, J. Mol. Appl. Genet, 2, 549 (1981). 
‘T.D.G, Jones et al., 


OJ. 4, 2411 (4985); CH. Shaw et aL, Nuc. Adds Res., 14, 6003 (1986); P. Zambryske et al., EMBO I, 2, 2443 (1983). 


SAM. Lloyd et al, Science, 224, 464 (1986); PLM. Van dea Hazen et el, Plant MOL Biol., 5, 299 (1985), C. Waldron etal., Plant Mol. BioL, 5, 103 (1985). 


°}. Hille et al., Plant MoL Biol, 2, 171 (1986). 
207 _D.G. Jones et al, Mol. Gea. Genet., 210, 86 (1987). 


7 Comai et al, Nature, 317, 741 (1985); IJ. inllanti ct al, Biotechnology, 5, 726 (1987). 
24. DeBlock et al, EMBO 1, 6, 2513 (1987); Ch Thommson et al, EMBO J., 6, 2519 (1987). 


9G. Heimer et al, Biotechnology, 2, 520 (4984). 


*D.R Gallic et al, Nuc. Acids Res. 15, 8693 (987); R.A. Jefferson et al, EMBO J., 6, 1901 (1987). 


5. Konez et al., Mol. Gen. Genet, 204, 383 (1986).. 


SD.W. Ow st ab, Science, 234, 856 (1986); D.W. Ow et al, PNAS USA, 84, 4870 (1987); C.D. Riggs st al, Nucl Acids Res. 15, 8115 (1987). 


A preferred selectable marker gene is the hygromycia B 
phosphotransferase (HPT) coding sequence, which may be 
derived from E. coli. Other selectable markers known in the 
art include aminoglycoside phosphotransferase gene of 
transposon TnS CAphil) which encodes resistance to the 
antibiotics kanamycin, neomycin, and G418, as well as 
those genes which code for resistance or tolerance to 
glyphosate, methotrexate, imidazolinones, sulfonylureas, 
bromoxynil, dalapon, and the like. Those selectable marker 


A25 


60 


65 


organism or tissue and which encodes a protein whose 
expression is manifested by some easily detectable property, 
e.g. phenotypic change or enzymatic activity. Examples of 
such genes are provided in Table 2. Preferred genes include 
the chloramphenicol acetyl transferase gene from Tn9 of £. 
coli, the beta-giucuronidase gene of the uida locus of E. coli, 
and the luciferase genes from firefly Photinus pyralis. 

The regulatory sequences useful herein include any 
constitutive, inducible, ussue or organ specific, or develop- 


